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ﬁ . : ’ HEADQUARTERS .
é: QUARTERMASTER RESEARCH & ENT.NEERING COMMAND, US ARMY
-3 OFFICE OF Thi COMMANDIVG OENERAL
3 LNAYICK, MASBACHUSETTS - -
[ .
’ -
Major General Andrew T. McMamara -
The Quartersaster Cemeral
Vashington 25, D, C.

Dear Gehveral ¥cKamars:

This report, "Clinatic inalogs of Fer't Greoly, Alaska, snd Fort
Churchill, Cenada, in Furaaia®, delinits, within the Rurasian conti-
nent, the land areas vhose clinates are sisilar to those of the two
Departaent of the Army cold weather test sites, - ..

weild Tt wus determined that relatively large areas have climatic con-
ditlions analogous to those of the test sites vhen only single ¢limatie
elenents are considered. Simultaneoer consideration of several elements,
such as suwer and winter texperatures and .ammual precipitation, reduces
the size of the areas cliratically analogous to the teat sites,

- The resultr ~f this study provide a realistic basis for determin-

E - ! ing the repreaw:l.divmess of the climte of the test sites, The study
will prove nseful i< test and design pérsomnel in that it delimits areas

whare itens tested in the climates ol the test-sitas can be expected to

operate 8z’ ixf-ctrly, The report also indicates areas having < more

extreme elimate thza that of the test sifes, Informatiom that should be

considered when designing equipment intmded for uae 1n extreme cold en~

viromments, .
sincerel,y yours,
1Inad c. u
P17 Eujov- Genu‘
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Foreword

This report is one of a series cesigned to determine the extent
of world areas having climates einilar to those of the various pspart-
ment of the Ay test sites; ‘The present study corpares ¢linatic con-
ditions at Fort Greely, Alaska, and Fort Churchill, Canada with those
of the Furasian arctic and subarctic,

The series of cliratic analog studies, prepared at the request
of the U.S. Arpy Waterways Experiment Station, Corps of Fngineers,
Vicksturg, Mississippi, is part of a progra: for evaluating the suit-
ability and representativeneas of all Deparinent of the Ammy test
sites. They consatitute: the Quartermaster Corps contribution to tae
Corps of Engineers project an "ilitary Evaluation of Geograrhic Areas.®

AUSTD: HENSCHEL, Ph,D.

- Chief
: I'rtronmental Protcction Pesearch
Division

Approveds:

JAMES C. HRADFORD, Colomel, QMC
Cérmanding Officer
QM R ana E Center Laboratories

-+

A, STUSRT HTER, Ph.D.
Scientific Director
Qi Research & Erngineering Command
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Abstract

" Clinatio conditions at Fort Oreely, Alaska, and Port Churchill,
Canada, are corpared with the climates of arctic snd sadbarctic regicns
in Firasin, The cliratic eleman's are treated in the discuwscion, 2
raps are included to present piciorially the distribuiion of analogous

conditiona,

The «01d region arvund the %cold pole® of Siberis, in the vicinity
of Voriu. angk, 1s too cold for sanslogy to either test site, )aan tom-
peraturos for the coldest ronth are analogows o those of Fort Chirchill
In a rolatively narrov band encireling this region. Coldest month ten-
peratures cnalczous to thooe of Fort Oreely, *#iv. armer of the two test
sites, are found ir a second, ovier band aro-ed we Siberian core region
of extr=mo cold,

Only very Limited aroas are found where both terparature and wind.
chill conditions are enalogous. Arcas analegous o Fort Oreely are cone
fined principally to northern snd eastern Novays Zealys and to the coante
al areas bordering the southern part of the Kara Ses, Wirdchill and
teperature conditions analogous to those of Fort Churehill during the
coldest acnth are best dafined in the northern lowlands betwoen the 0d
and Yenlooy Rivers and adong the Arctic coast from the Yeuisey to the
wma River,

Corbined wiavr-winter ‘erperatures and annual grecipitation arale
oy to Yort Oroaly oxinti unly in the northern part of, the Central Nise
pisn Tableland and adlnining parts of Lhe West Siborian Lowland,.. The
northsrn part of the West 8itvr.an Lowland and the Arctic lowlamds to
the rorth recoive annual precipitation amosics and heve suwrner-wvintar
eczaraturos aviogous to those at Fort Chaorchill, larger areas are in-
dizatcd whore annual precipitation oombdined with either suwwer or vin-
ter tampersiures s analogcus to the test sites,

iv



CLIMATIE AaalD03 OF FONT GHIYLY, ALAGKA, AND JORT GIURCHILL, CANADA,
DI ETRAIA

1,  Introduction

T™his study wu propered in ssswer 0 & tequiet from the Office,
Chlef of Fngineors, for a oclimatis cumparisa. of Fort Oreely, Alaska,
&id Fort Churohill, Canada, Doparteent of s Army cold-weather test
sitca, with other arotio and wpgmz.u regioms, The present stedy
cuvars Yurasis north of 1atitud) L5N, (see Pigure 1), A subsegnent
ropert will cover the arotio snd subarctic areas of the Westers

Hf".mm.

Only thoso olixatic elaments that most adequately define otress
factore in oold eavirorments have boen selected for study, Yor each
polaoted elemmt a map bas been gropared depicting areas baving eondi.
tions regarded as analogous to those at Fort Greely and Fort Churchill,
Inforzation from certain of these mape has been oonsolidasted o & sin-
¢le coxyosite mep 20 show arews of ooincidznce of analogous slemsats.,

Clinstic covditions at Yort Oreely and Yort Churchill have bdeen
pumsurizod bty the Poviromsental Protection Rnevarch Division, is Lhe
following publicaticnos

Proquincy end Duration of Low Tewpersiure
Manitoba, Canads, Toomical Report Z-2(

Maundbook of Yurt Churchill Puvirommest, Techmical Report D-h(”
Mandbook of Big Dolta,# Alasks, Enviroamst, Tectmical Repart ZP-507)

Data fram thage stuldiss serve as the besis lor ocamparism in this
roport.

2., Mojor Plhiysical Yoatures (Pig, 2)

Tw Furasia 5&’5 ares oonsiste of thw Aretic and mibare
finsd by Washinorn and ths adjoining areas lying narth of
1¢nde, According to Washturn's criteria, the Arctic ovurists
aress nmorth of the S0°F iszotherm for the warmsst month and where
raan taporature of the coldest month 1s 312°7 or lowers subarctie
ceanint of those aress vhors tha mman Usperatare is higher

for not more than four months of the year and vhere the towpere-
thre of the coldast month 4im 32°F or lower, In order to

‘of tha area of Um continents having a smumer analogy of
climatic olormsnta, the study area was extendsd southward
tude, Thus it 1nclules Scandinavia and central Purope,

5 Yort Churchill,
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ISSR and arctic islands off its cuast, and a large part of Outer
Mongolia and Eancuria, i

In Europe, most of the stndy area lies below 1,000 feet in eleva~ y
tion. The ceniral plains of Eurcpe extand eastvard from the Paris Basin
as the Bsltic Plain, eveniually joining the Ceniral Russian Tableland,

In the south, ihe Furopean plains are bordered by the Adpo, the highast .
zountain chain in Furope, with many paaks exceeding 10,000 fest, This .
syeten extends from southern France into southesstern Austria, Farther .
east, the Alps join a sallsr sountaln systeas that includes the Transyl-

vanian Aips and the Carpathian Mountainas, This systeo has beights cau-

siderably Jower than the xain ridge of the Euxopesn Alps,

Tn the north, the principal dighland sreas are the Norwegian Highe
lands vhich form the "backbene® of the Scxndinavizn Peninsula, This
nountain system 4s oriented in a2 southwest.porthasgs? direction, and its
highest peaks, located cn the west coast, rarely exceed 7,000 fast.

rdmy g

The ISSR, & major part of the study area, consists essentially of a
largs lowland north of the east-west mountain and platesu belt which ex.
tends across the continent, Eurcpean Ruseria is predominantly a low role
ling plain with an average elevation of less than 500 foet ond raxirm
elevations which do not usually excsed 1,500 feet, In the 3outheast, .
this plain merges irto the Caspian Derression which contains the 1. ot
land areas of the Soviet Thion, The Tral Mowntains, sveraging 1,600 leet
in elevatimp, vorder the Central Russian Tableland on the east and sep-
arate 1t froe the vast flat aress of the West Siberian Lowland, The tr-
o1 extend aryproxirately north-south froa the Arctic seacoast tc the
sov*hern steppes, In the north, elevations range from abov:i 2,000 to
8lightly less than 6,200 feet, the highest pesk, Mt, Narodna'a, rozeching
m elevzticn of 6,183 fect,. The middle Urzls are generaly lower than
those in the north or south, ard have been described as 1ittl: rore than
hilis, It is here that most rail lines and roads cross ths mownteins,

In the soutnhem Urals, elevatione increzse again, and the highast noun-
tain, Yaran-Tau, has &a elevation of 5,375 feet.

East of the Urals, the West Siberlan Lowlands extend into eastemn
Siberia abe -~ 70°N latitude, About 90 percent of weatern Siberia con-
sists of genily sluping plain, stretching from the Uralz to the Yerlisey
Hiver in the east and fron the Arctie to the Altal Mountaln sysien in
the southeast, The highest portion of the Altal system har average ¢l-
evations ranglng from 11,500 to 15,000 feet. This mouniain system is
the source of the Ob and Irtysh Rivers, the principal strezns of the
West Siberimn Platn,

Pron the Yenisey River east to the Pacific Ocean lies a region of
plateaus and mountains, The Central Siberian Flatean, lying between
the Tenisry and Lenz Rivers, cccupies the greater pertim of castern
Sideria. The average elevation of this platean is belew 1500 fest, but
occasicnal haights of 3,000 feet are foumnd near the center, %o %he
south, the Central Siberian Flateau is bordered ty the Sayen-fayxal and
the Transbaykal Hountain systems and the Stanovoy Range, which corprise




tho-malor part of the Central Anjatic Mock Mountaing, The hisgheot
peek, 1am KusDardyk i the Sgyan Mountaine, reaches .,570 feet,

In Northeantern Siberia, the Vervhoyanok Range and the fast 3i-
berlan Highlands enclose lovfu da which open north to the Arctio
Crean., Other pountain ranges extend along Sakkalin Intand (north of
Japan) wnd the Xamchatxa leninsula,

The four ltegion, $n the oxtreme southeast of the UIGR, 1lie, e
twern thn Stuncyuy renge in the north end tha Amur River o tre Juth,
and extends to the Dureya range {n the eant, The arca {9 a plateau,
which slopes noutdward to the Armur Nliver., The Siyhotin-Alin mountains,
with none praks reaching nearly 13,000 foot, extend along the coast
nouth of the Amuyr iver,

3. C" 4‘:'-7—%

The rlirates in the ‘study area are controlled by the extent and
toponraytiy of thy land manses, the distribution of adjazent cold or
warm water currents, the snasonal prec- e distribution, and the seas-
onal and arcal variation in solar radiation,

In wenlern Purops, maritime air wmasses Jorinate the weather most
of the ymar. The climato 43 mild, due to maritime expogsure and the
abscnce of a north-south mowwitain harrier which perrit relatively
wam and rolst aly masses from the Atlantic Ocear to penetlrate far
inland, The warm areas to the south pre separated from the cooler
northern arcag by the eiat-west mountain chains of southern Europe,
Inland, the marine influsnce in less pronounced, and central Europe
ray e oonatdered a trond trannitional zons telween the mild maritime
clinute o the wenl and the continental typa 45 the esst, In Scandi.
navin, this zone of maritine influecnce 45 narrow, The climate of the
cnast of Norwey 15 midd, dun to tle proxirity of tha warm North Atlun-
tie drift (Oulf Streanm), tut the coastal momtains of Norway serve as
a barrier restricting the penctration of warrs alr inland for any
great distance, As a connenuence, away from the coant,tarperatures
fal1 rapldly, remliing in a nuch nore severe clirate in eactern Nor-
wny and Cweden,

The clinate of eaclorn Busope and Propean Ruseia {3 dorminated
in winter ty the circulation assosinted with the semiepermanent high
pressire area over the continent, and in suner by a thermal low
rotized by rolar heating, The climata ia not as savere as that of Sl
teria hocanne of the incursion of rodificd maritine air masses into
tha arca, rant of the Yeniney Ni-er this westerly oceanic influence
{5 negligivle,

e clinate of Sileria is influenced by e vast land mass of Baor-
#31a and by ths ring of high mountaina and platras: o the owith and
enst that jrevent the invaston el moist, warm, modereting sir masses,
hrctic und polar alr mansen peietratn deeply inlo the interior because




there is no east-wesl terrain barrier to the north, Relatively clear
skies and the absence of moist auir and strong winds present ideal con-
ditions for radiaticonal cooling, As a consequence, the interior of
Siberia has oné of the world's most continental rlimates, character-
1zed by extremely cold wiaters,

The influence of the Pacific Ocean is onfined to a narrow coast-
al strip south of the wmouth of the Amur River and to the extreme north-
eastemn part of Siberia, In winter, the ccastal regions bordering the
Arctie Ocean are warrer than the interior because of proximity to o
large body of water which, even though frozen, is warmer than the in-
terior of the contlient,

4. Analysis of Climatic Elements

The climatic elements far shich maps have Yeen prepared are those
shich impese siress on men and equipment in a cold envirorment, or are
significant when corparing climates in the Arctic and subarctic, The
series (see end of the report) includes maps of the mean and mean dally
ninimm temperatures for the coldest month; absolute minirum fempara~
tures; zean and rean<«dally rarimum temperatures for the warmest monthj
absclute maxinum temperaturesy =ean annual precipitation; mean snow
depth for the wonth of maximmm depth: mean windchill for the coldest
ronth; mean cloudiness for the coldest and warmest months, and xmean
annual frequency of foge

On ail maps, colored overprints are used to indicate areas close-
1y analogous to rort Churchill (tlue) and Fort Greely (yellow). Senmi-
analogy is indicated by symbols in the station circles,

A1l stations utilized In the anzlysis are shown on the s‘ation lo-
catioh map (Fiz. 1). On individual raps, only those stations sre in-
dicated from vhich data vere utilized in the analysis of that particular
map. The distribution of stations varies, dependirg on the availability
of dala for the clirmatic element being analyzed., Since data are sparse
or lacking for large portieis of the region, the delimitations of anal-
ogous corditions in thece arees must be regarded a3 approximate, In
the analysis of the maps, mountain area3 were considered, but no attempt

Fort ST, e § sty g e oy’ W e -

was wade to allow for the rore intricate complexities introduced by them,

The raps are intended 1o provide only a generalized picture of analogous
and semlanalogous areas tased on the distribution of the more important
cliratic elerenrts,

a, Meon Termerature, Coldest Month (Fig. 3)

Fort Greely: -5°F., Jasnuary
Fort Churchill: -15°F., January

The ctandard deviation of the ronthly mean temperatures Yﬁ cor -
sidered in determining the range for rmeun termperature analogy‘*/, It
was decidea to uze a range of mean teryeratures within which the average

e e o e~ s
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temporature of a cingle January could ba exjectied o ez $n Ralf the
yeara, For Fosrt Churehil), which has a standard deviation of 77° for
the January moan, a range of plus or minus 4.97° from Lhe long-ters
Jaruary eson raaults in the denirad exymclancy of % percemt. FPor Fort
Greoly, which has a standard deviation of about 977, the range result-
ing {n an expectancy of S0 percent equals plus or minus 6.57° from b
long-term mean. It was decided Lhat & SF° range on either side of the
lonz-Lers moan, as used in previous studies € other envircraments,
would be a sufficiently close approximation of these values.

In the discussion of climate it was shown that thorc is » gradual
change in climate from west to east. This fact is well {ndicaled by
the posttions -of the analozcus areas in Figure 3. Phrhapa the xost
striking feature of the map i3 the large rortion 3f central and east-
arn Siberia, in which mean.temperatures are zuch lower than those at

cither test site.

The area analo,w.. to Fort CThurchill, the colder of the two test
aites, encircles the <untral cold region in a relatively narrow band.
L includes those portions of the Arctic coast having the greates® ex~
posure Lo the warming effect of the ocean. The area broadens slightly
in the wast to Inciude most of the Vest Siberian Lowland lying north
of about 62°N. latitude and cast of the Cb Hiver. The influance of
the Facific Ocean and (khotsk fea doe: nob extznd far inland, a3 is
evidenced by the rarrowness of the analogous area along the east coast.

The area analognus Lo Fort freely liex 4r another band encircling

“the area analogous to Fort Churchill and separated frum it by a narrow

thard -in which temperatures are semicnaloznus to those of bLoth test aites.
The amalogous area includes Franz Josef land and Novaya Zemlya in the
Arciic Ocean, but exciudes most of the Arctic coast. The tntal land
area in the study regsion analogous to Fort Greely is abouc twice as

large as that analogous to Fort Thurchill.

b. Mean Dafly Minimum Temjmrature, So0ld=st Month {Fie, &)

Fort freely: -13°F., January
Fort Churchill: «27°F., January

Areas havine rean diily minimz tesnerature with a range of
plus er minus SFO from the mean values ar* c:nridered amaloedus, and
are designited by the colored shading on the map. Areas with anal-
oonus mwan dally minizam temimratures aprroximate closely those with
aralogous rean terperatures of the coldest ronth (Fig. 3). For the
preater part of the region, lowest minirum temperatures oz2ur in Jan-
uary. %ear the coasts, terprrstures fall less rapidly through fall
and_»arly winter, due Lo retention of heat by the water and conduction
threush the ice, As & resuld, lowest mean daily ninisrm Lemperatures
do mot occur until Pebruary or esven Yarch at coastal lecations.

>
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sideratly lower than those at either Fort Cimrehill or Fort Greely. : .
Cold air acenumdates over the interior, due te noctwmnal (radiational)
cooline dr-ing long, clear sretic nights, Extrenely low temperatwres
are cormmn in winter, especially in valleys and lowlands,

ty waaE
Hawo!tbemﬂcwastdsmimninthomamalogousm
Fort Chwrctill have mean daily minbmms tenperatures within 2F° of the
Fort Churchill value, Temperatures decreass rapidly in the nonanalogous
areas with mcrming distance from the Arctic Ocean and its nodenting
influance, :

c.  Absolute Finimm Iszpernt\n'c (Fig. 9,

Yort Greely: -6S°y
Fort Churchill: ‘r

'ﬁmoﬁahowatholmtt@a‘ﬂmarcportedfor stations

in the study area., Where avallable, lengths of record are indicated by

- subscripls to the texperature values, Use of short period records was
’ cor.{ined to a ninimm when analyzing the data, since lower values for

absolute ninimm tezperatures are likely to ocour with a longer record.

The analogous areas, based on a plus or minus SF° temperature
range, surround a large part of intsrior Siberia which has absolute temp- -
eratures much lower than thoze of either test site. In this regiom,
tmperature inversicns and air drainage doxu mountain siopes are copmon.,
On cloudless nights that are free of wind, valley temperatures are much
lower than thoss of adjacent mountains. Verkhoyansk and Oymyekon, near
the "cold pole® of the Zastern Hemisphere, had the world's lowest offi-
cial absolute minizim ature, ~90°F., uwntil the record was broken
in the Antaretic in 1957 (-1G2.1, South Pole). Other lowland stations
in the region have absolute ainiwom terperatures between -70°F and -8L°F.

The area analogous to Fort Churchill extends west over the
northern part of the lral Mountains into European Ruasia, and s second,
sraller analogous area is centered over the interior of northern Fin-
land, Low teperatures in Zuropean Russia sze usvally the result of
ths extension of a high pressure area over western Siberia, Nighttiime
radiational cooling often intensifies tho actual temperature drop sc
that extrems low temperatires occur sme tinme after the invasion of a

cold air mass,
d. Yean Windehi11, Coldest Month (Fig. 6)

Fort Greely: 1,630 Xg. Cal/a? .,Jum-y
Fert Churchill: 1,820 K¢, Cal/m/hr., January

Windchill 38 a measure of the cooling effect of air movemert
on the henan body. In this sindy, its computation is based on an em-
pirical formula determined by Siple and Passel (38) irom experiments




concucted In the Matarctic In 1940, The following formula 1s used to
capute the cooling effect M, of wind speed V (meters per second) snd
teeperature ¢ (Contiprade) in kilogram calorivs per squaro meter of ex~

poned okin surface per hour per Centigrade degroe of temperature diff-
crenca between tho skin ourface and the airs

He=( JIOOV @ 10,5 - V) (33-t)

The formula applies best to simultaneous conditions of wind
and temperature, and use of avernz? o):onditiau in ﬁnputing values gives
slightly different results (Cowrt (4), Falkowski (7}), However, these
values are considered sufficiently representative to afford a qualita-
tive measure of the relative severity of combinations of wind and low
terperatures in the study arez.

Vean windrnill values for the test sites and stations in the
study area were taken from the "iindchill Namogram®, prepared in 1943
by scieontists of the Offico of The Quartermaster General, Part of this
nomogran is reproduced as an insert on Figure 6.

Ranges of analogy for the windchill factor were determined by
the ranges of temperature and wind speed anzlogy. The mean wind speed
at Fort Greely in January is 17 mph. Wind speedz in the range from 15
to 19 mph were considered analogous. These values for mean wind speed
occurring within the range of mean temperature analogy (0° to -10°F)

regult in vindchill values of from 1,500 to 1,760 Idlogram calories
~ per square meter per hour (see nomogram insert in Fig. 6), At Fort
Churchill, the mean wind speed for the coldest month is 15 mph, and
wind speeds from 12 to 17 mph were considered analogous, Close anal-
ogy of windchill includes.values frem 1,690 through 1,950 kilogram
calories per square meter per hour, Values plotted beside ths station
gymbols on the windchill 2ap indicate the windchill as numerator and
the wind speed as cenuvmirator. The mapped areas of analogy are based
only on the windchill factor.

Owing to lesser wind speeds, windchill in most of the Siber-
1an interior 15 lsss extrene than at Fort Churchill or Fort Oreely,
even though winter temperatures are much lower, Windchill is greatest
on the Arctic coast of Siberia. This area has windchill factors close-
1y analogous to those of Fort Churchiil., Windchill factors closely an-
alogous to that of Fort Greely are found in a comparatively large area
north of the 62° parallel in Siheria and along a coastal strip torder-
ing the Okhotsk Sea. | ~

e. Yean Cloudiness, Coldest Morith (Fig. 7)

s

Fort Creely: 5.5 tenths of sky covered, January
Fort Churchill: L.7 tanths of sky covered, Jan:ry

Purope has narked cloudiness in the coldest aonth and a larg-

er mesn value than either Fort Oreely or Fort Churchill, This clowdi-
ness is associated with low pressure and frontal system activity in

1
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; western Europe, Cloudiness decreases eastuard due 20 ihe blocking ef-
fects of the winter anticryclone and to the rodification of air masscs
as they »ove across the continent, In rost of Siteria, cloudiness is
at a ninimm in vinter and more analogous to the test sites, due to the
very dry alr nasses associated with the winter continental aanticyclone.

Cloud amoumts clos:1r analogous to thooe at Fort Greely (L.6
to 6,5 tenths) occur in the Jlps and the Scandinavian Feninsula in Ewr~
ope, and in large areas of cemival and northeastern Siteria, Areas with
cloud arounts closely cumalogors to that of Fort Charchill (3.8 to 5.7
tenths) are smaller and for the nost part are in northeast Siberia and
in a band extendirg over the Central Asiatic Mock loutains into cen-
tral Siberia.

f. Ilean “now Depth, Tonth of Oreatest Depth (Fip. B)

Fort Greely: 17.0 inches, February
Fort Churchill: 25,1 inches, March

Snow depths plutted on Figure 8 are nean monthly depths for
the month of maximm accwwlation, The nap presents only a generalized
ricture of the distrixtion of snow cover, since snow tends to be depos-
ited in an extrerely irregular nanner, Snow depths are influenced preat-
1y Yy local climatic conditions, topography, and vegetation, The dis-
tribvution of snow depths in mountains is especially complicatod, depend-
ing greatly on height, exposure, and nature of sumits and slopes. In
areas doninated by strong winds, e:Tosed places are usually blown free
cf snow, which accwmlates in appreciable awomnts in depressions and
forests. \tere winds are not very strong, sncw accumulates in s rore
or less even layer. .

In Exrasia, smow dopths are greatest on the ‘xgtern slopes of
the Central Siterian Plateaw and adjacent areas in the easterr rart of
the West Siberian Lowland in the vicinity of the Tenisey River., Depths
decrease away from this central core, btul secondary increases are noted
on the western slopes ¢f the Ural Mowntain: and in the far eastern areas
of Xamchatka, Sakhalin, and the lower Amur.

-

“Areas with cnov depths closely analogous to that of Furt Church-

i11 {20.0 to 30.0 inches) surround ihe central core area of deeper znow
in a rather wide band, and extend over rorthern Iwropean Russia into Fin-
land, Cther andlogous areas are located in Sakxkalin Island, ihe lcwer
S region, and a narrow strip extending ron the Ckhotsz Jea to the
3ering Sea, Snow depths decrease both north ard zouth fron theze zreas
and hecone analotous o those of Fort Greely {12.5 to 22,0 inches).

. Jost of the northera coast, fron the ola Peninsula to the Tenisey River

‘ and fron the Yolyra Piver to the Bering 34ralts, is analogous to Fort

reely, as i3 a Tairly dde belt across nicdle Lsia,

Dwow storrs occur st freqient]y in the tunkra and steppe
g
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regionz, They are particularly violent, often : aching blizzard pre-
portions, In the Fwropean portion of the UGSR, with the exception of
the ertreme north, the naximun number of snowstorms occurs in January,
Fehruary and Dacember llave the next greatest rumber of stoma, '-

-

g llean Teperature, Warmest Yonth (Fig. 9)

Fort Greely: 50°F July
Fort Churchill: SL°F, July

- There io a aim..ficent increase in the anount and intensity of
solar radiation received over the continent in swmer compared with win-
ter. The surface.of the carth, and the air in contact with it, are
warred consicerably by lorg hours of sunlight, particularly in the north-
crn areas, The heating of the huge land mass produces a weak thermal low
pressure area which dominates most of the continent of Asia and produces
wenk north and northwest winds over European Russia.

The terperature distribution.over the continent in summer is
approxirately hmdmal. This distribution varies only on the coasts
bordering the Arctic Ccean, on the S¢rndinavian Peninsula, on XKamchatka
Peninsula, on Sakhalin and Kurile Islands where maritinme air from the’
Pacific erxerts its influence, and in mountain areas where the varying
topography is a controlling influence. Large inlani bodies of water,
such as Lake Baykal, also have a local =ffect on temperatures, produc-
ing cooler surmer weather in their irmediate vicinity,

The area having mean texperatures of the varnest month close-
ly analogous to Fort Churcaill's (L9°F to 59°F) is very narrow, but -
ciretches the entire breadth of the continent from the Atlantic to the
Yering Sea. The souuiern 1linit of this area in Zurope and the USSE fol-
lows approsirately tle £0th parallel of latitude except for a few, rore
southern extensions, that include practically all of liorway, most of
Sweden, Kanchatka, :md the coasts bordering the Ckhotsk Sea. The area
extends northward fron 4his latitude to include all but a relatively nar-
rcw ~itrip along the northern coasts where the cold arctic waters erert

thelr influence. Another area of close analogy exists adjacent to and
souttwest of Lake Baykal, where higher elevations contribute to tempera-
tures that are cooler than are characteristic of that latitude,

Te:peratures analogous to those of Fort Greely (SL°F to 6L°F)
1is within an area larger than the area closely analogous to Fort Church-
111. A considerable overlap of areas analogous to both test sites occurs
in the north, In furope, the area closely analogous to Fort Greely extends
fron the Scandinavian Peninsula, almost all of which is analogous, into the
Faris fhsin, Much of northern European Pussia is closely analogous, the
area reaching across the northern part of the continent to eastern Siberia,
vhere it again extends southward and includes much of the coast bordering
on the Ckhotsc Sea, Temperstures analogous to thoss at Fort Creely are
also found near Lake Baykel, overlapping and surrounding the area delinit.
ed as closo‘).y walogous to rort thill.

4
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h. Mean Daily Faxiwmwe Temperature, an m‘._m

Fort Oreely: 65°F, L Lo
cort, Churcbll: GidF.y B
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cerved, and the 1500 LST observation i3 ordinarily considered the after- -

noon maxirnm. In swmer, however, the 1300 LST observaticn cai be sev-
eral degrees lower than the maxfmm terperature. In winter, because of
the relstively omall diwrmal variation, the difference betwoen the 1303
LST observation and the mean daily maxisa: uwsually is ssuller,

In order 0 arrive at a wors representative valwe, an approx-
imate mean daily maximum temperature was obtained, for stations lacking
this value, by subiracting the mean daily minims: temperature {computed
from observed values) from twice the mean temperature at each station
for which both values are avaiiable. Soms ecror exists in this method,
since it assumes the mean to ve an average of the means of the extremes,
vhereas the m»an terperatures at thess stations are actually an average
of three dally observations. The error, however, 1s considered to be
negligihle for this type of anslysis, and the utbod allows a more real~
istic compirison of nean daily maxima,

. The areas closely analogous to each test site correspond gen-
erally to those of the mean temperaturs for the warmest wonth, The in-
fluence of the cold arctic seas is exhibited along the entire north
ccast where temperatures sre too cool for close anaogy with either test
site. Sumaer heating in the continental interior limits the southern
boundary of the area analogous to Fort Greely at about 60°R latitude in
nmoat of the USSR, In Europe, however, this southern limit is located
at about 50°N latitude, owing to the inflvence of cooler maritine air

from the Atlantic.
1. Absoluts Yaximm Tecperature

Fort Greely: 90°F., May
Fort Churchill: 96°F,, July

Since maxinmua tenperatures in sursver are not considered a-
critical factor in arctic and subarciic operations, no map was prepared
for this elewent, Exaaination of data for the study area indicates that,
in generzl, absclute temperatures between 85“F and 100°F can be expected

in interior areas {Tatle VI).

The northern coasts from Korwxy to the Bering Sea, and the
coasts bordering the Pacific Ocean, are influenced by their proximtity to
cold water snd therelore do rot experience the extrzze terperatures typ-
1cal of the interior. Maximus temperatures along the Lretic coast {rom
the Kare Sea east to the Bering Strait range from 65°F to 75°F. Inland
from ths coasts, maxiwm temparatwres increase rapidly. On Xamchatkas
Perdnsula and uloa; the cosats bordering the Cldiotsk Sea, maximun

-
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temperatures rarge from 75°7 to 85°F,
~3. Hean Clouiiness, Warmest Month (Pig. 11)

Yort (reelys 6.L tenths of oky covered, July
Fort Churchills 6.l tenths of sky covered, July

. A large part of the study ares 1s analogous in mean cloudi-
ness to both sites. The Paris Basin and the Baltic Plain, central and
northern parts of the Scandinavian Peninsula and Pinland, snd the north-
ern part of the Central Russian Tablsland are closely analogous. In
Earvpe, summar cloudiness is caused by convective clouds vhich are not
30 persisient as the stratus aud stratocusulus clouds of winter. HMean
clowiiness in Purope, therefores, is less in swmer than in winter,
Siberia has a cloudiness maximum in sumwer., The Siberian sumer max-
ims 13 also dus to convective type clouds; winter skies are wsually
clear. Virtually all of Siberla is analogous except for the Arctic
coast, Kanchatka Peninsula, aand coasts bordering ths Bering Sea. In
these pections, cloudiness is greator than tha' of the test sites, but
13 within the semianalogous range. Mean cloudiness 4n the Kazakh Up-
land and the southern part of the West Siberian Lowland 1s less than at
the test zites.

k. Mean Annual Precipitation (Fig. 12)

Fort Zreely: 11.h inches
Port Churchill: 1.l inches

In vwinter, nortlwest Ewrope is influenced by comparatively
warm, moist maritime air coning from the southwest., Frecipitation uso-
ally rcsults froe either frontal or drographic 1lifting., Low clouds and
drizzle occur frequently., Precipitation amounts are evenly distributed
throughout the year, and there is no pronounced dry season. In summer,
precipitation is of the convectional, air mass type, although weak
fronts infrequently coutribute by releasing the convective instability
over interior regions. Coastal regions exposed to the prevailing on-
shore circulation receive greater smmounts of recipitation than the in-
terior. Fastern Norway, Sweden, and Finland, shelterec ty the lorwegian
Yountains to the west, recesive less precipitation than » stern Norway.
Mean annual precipitation amounts closely analogius to those at Fort
Churchill (11. to 17.L inches) are received in northern interior Swed-
en, extreme northern Finland, and on the Kola Peninsula, Smaller areas,
analopous to Fort Greely (8.L to 1.l inches) are fownd in northern Fin-
land (near Xaresuando and Karasjok), and on the east coast of the Kola
Peninsula in the vicinity of Murmansk, -

Central Purope is wnder the influence of doth maritime ai-

" from the Atlaniic and continental air from the interior of the vast Pura-

pia. land mass, Precipitation decreases from west 10 cast as the dis-
tance from the ocean increases, Swmer 1s the season of maximm pre-

clpitation, which 1s predoninantly of the shower typs, prodwced mainly
11
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by continental heating of vnstable air, I‘recipitaﬁm in’ dl Df m—
tra].F.xmpe too great .or analogy to either test site. MR

i In noat of the USSR the continental-{;pe sumer rainfall re-
gine also predoninates, 4 surmer raxizmum of arecipitation prevails xs
the result of convective showers or weak frontal activity., In winter,
cold, dry air masses dordnate the interior of the continent, and only
anall amounts of precipitation-are received., Annual precipitation is
greatest In Duropean Russia and western Siberia, decreasing toward the
northern coasts and the southern deserts. In western Siberia, the
area analogous tc Fort Greely is divided by a central core hawving great-

er precipitation. This area is senlanalogous to Fort Greely, but, with -

the exception of the most central part, is closely analogous to Fort
Churchill, The Arctic coast bordering the Kara Sea is drier than Fort
Churchill but is semlianalognus to Fort Greely.

A1l of the Central Siberian Plateau is analogous to Fort Gree-
1y. In the south, precipitation increases slightly in the Central Asi-
atic Hlock, and conditions becorme closely aralogous to both test sites.

Yortheastern 5iberia is a region ou little precipitation.
Tost of the stations within the reglon receive orly 3 to € inches per
year., On the east coast, low pressure systems produce more precipita-
tion than is received in the interior, and as a result the coast fron
- the Okhotsk Sea north to the Dering Strait is analogous to Fort Greely.
Precipitation on Karchatka Peninsula increases fron north to south,
% band across the center of the peninsuy.- has precipitaticn closely mm-
alopous to that of Fort Churchill, and the northern portion receives
ancunts closely analogous to that of Fort Greely.

1. Atrospheric Humidity

AL low temperatures the actual amount of waler vapar in ihe
atnoaphere is extremely snall, due to a much reduced i~oisture capacity
of extrencly cold air. As a consequence, the cold winter air nasses
of the Arcu. nnd subarctic are exirerely dry. Tielative huniditiles,
cn the other nand, are usually high. In winter, relative huodcities
range between 719 and 100 percent throughout most of the study area.

In sumer, altrough relative hunidities are slightly lower, the actual
water vapor presenl in the atmosphere is preatly increased due to the
capacity of the atmosphere to hold nore water vaper at higher terpera-
tures and due to the availability of miature froe the nany lakes and

sWarps.

For all practical purposes, hwdcdity and molsture conditions
at the test ‘sites may be considered corparable to those in areas of
the arctic and subarctic regions wherever nean daily temperatuwre anal-
ogy exists.

Yean relative hunidities for selected stations are rresented

12




in tablar forwm in Table XII,
m, - ¥ F 1

In the Fort Greely area, as in most of the Yuion Valley, fogs
are most frequeont during the colder months, Decesber through Fetyaary.
At this time of the year, radlation fogs form under a3 surface tesyera-
ture invorsion, and ice fogs form near citiez and camps.

Radiation fogs are caused by a rapid fall in tesperatwre tian
the alr comes in cont. ~t with the ground or snow surface cocled through
long-wave terrestrial ra-:nation. Such fogs are coemon in the principal
interior river valluys in Siberia and North America, and, as at Fort
Greely, are usually shallow and of low density. At Fairbanks, Alaska,
tho mcnthy from Decomber through Pebruary averags between 4 and § “a;°
with light to dense fog. N

During winter, barning of fuels in towns and carps sy piles
an abundance of condensation nuclel upon which sublimation of =oisture
in the form of ice arystals takes phg’. This results in the foraaticn
of ice fog., langmuir and Schaefer point out, however, tat most
scurces of smoke are also souirvres of moisture, and that the fog right
be dus entirely to the additlonal moirture which acccepanies the smoke.
Horiznmtal visibilities during periocds of ice fog may be reduced con-
siderably in the fog liyers, which vary from 50 to 500 feet in thick-

"ness. They occur in most interior areas subject to extremely low te=p-

eratires, and may occur even at coastal stations when under ths influ-
once of wecather conditions faverable for fog formation, Tris tvoe of
fog 12 rare with temperaturws above -20YF and Yit? vind spscds in ex-
cess of 3 mph. V. J, Oliver and M. B, Oliver 'Z7/ have founi that ice
fog 1s not very liknly to occur with tesperatures between -20°F and

-40°F -but at tomperatures colder than -L40°F, ice fog will rroxbly oc-
eur, and with temperatures colder than -50°F, ice fog is irevitable,

Ice fog frequenciss at the test sites and in the s2udy area
reach their maximum during the cold months because of the reptiresent
for extremely lov temperatures for its formation., At Fort Clzochill,
4ce fog occurs most frequently (108 hours) An February. Statistics
available for Fort Greely for an E-ysar period of re~drd indicate that
ice fog i3 most prevalent during Deceambsr, January, and February, which
havo an average total of 115 hours of this type of fog.

Fort Churchill axperiences its foggiest period from Jwe
threugh Auguat; about 2 to 4 days during each month have dense fog.
These fogs, which do not extend more than 20 miles inland, result from
relatively warm noist a'r moving over the cold wvater of Eudson Bay.
Cver-a large portion of the Siberian cuast from the Kara Sea to Chuckohi
Sea, similar fogs may be expected up to 90 or mere days «ach ysar,

Fimure 12a shows the mean muaber of days with fog at stations
in the stuly area, Data plotted at esch station indicate the mess an-
sual nusber of days and the average occurrence in the coldest, warwest,

1
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and foggiest months, ‘reas with 10 cr less and €0 or more days per year -
with fog are delimited by colcr. These areas should be regarded as only

“approximate, since the reporied data are not based on standardized def-
.initions of fog and differing ..a..bods of observing and reporting fog

are used, For these reasons, and hecause fog in rany cases 1s governed
strongly t7 local influences, ro atterpt was made to delimit areas with
fog conditicns analogous to those of the test sites.

S. Analysis of Composite Maps

a. Corposite Analogous Areas, Coldest Momth (Fig. 13)

Terperature and windchill are two factors contrituting to
great emxrircrxenial stress in the study area in the winter, In con-
structing this map, areas where ana’ogous mean terperatures and mean
daily minimn tenperatures coircided were first cutlined to indicate an~
alogous coldest month temperature conditions. Aress with znalogous mesa
rinimun tecperature in the coldest rmonth are, in general, similar to
those indicated for the nean termax-ature, coldest month, and therefore
the composite of the two elerents des not differ greatJJ Ifron either
one, Areas where analogous winrdctill conditions overlapped analogous -
temperatize conditions were then celineated, Areas with analogous -snow
depth during the month of greates* depth were superimposed on the areas
prev‘ou.ﬁy delindted, since dezth of snow adds to climatic stress, es—-
pecinlly in the use of certain iters of equipnent and in the movemen
of soldiers. Although in most cises e ronths of deenest snow and lcr\-
est temperature are not identical, it was felt, nevert"xeleaa, that the
addition of «now depth datea on this map provides essential informationm,

Areas where both terperature and windch{il conditions are an-
alogous to those of Fort Greely are extremely limitad, These areas are
confined principally to northern and eistern lovaya Zemlya and to the
areas bordering the southern part of the Xara Sea in the vicinity of
Arderma, Kara Guba, and Mare Sale; another small area is found in north-
eastern Chuckchi peninsula, .

windechill and texperatwre conditicng analogous to those of
Fort Churchill are found in the northern lowlands vetween the Ob and
Tenisey Rivers, and in an area exiending northeastward along the Are-
tic coast to the Lena River, A sraller area occurs in northeastein
Siberia in the vicinity of Mys Billingsa.

b. Composite Analogous Areas, Fort Creely (Fiz. 1L)

This and the following corposite mep (Fig. 15) each synthe-
size for a single test site, snalogous areas of annual tempersture and
precipitati.n, the parameters regarded as most irportant in determin-
ing total environmental analogy. Areas of winter temperature analogy
are those rreviously delimited in Figure 13, The procedure outlined
for cbteining these areas was also used in deternining swmer

oM
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texprrature analogy; that 1a, areans o7 analogous mean tesperaturvs for
the wirmeat mnth wore combined with armas of analogous mwan maximm
teperature for the warmist aonth, and coincident areas delimited.
Areas uhich did not show amaloyy on both mean and mean axtreme maps for
the snsasui wore excluded from the cumposites map., Areas of susmer temp-
erature analoyy are indicated in ywllow and thossa of vinter tempeursture
analogy in blue., The overlap of the warmest and ccldest month areas is

-~3 coaposite area wnere tesparature conditions are analogous in botn of

the extreso seasons. Areas where mean annual precipitation is snalogous
ts that of Fort Greely were then superimposed and delismited where they
srerlageed areas of tesperature analogy.

Thre« areas of analogowus winter-sumser tueperature conditions
are depictod., The first 93 iocated in the northeastern Central Russian
Tableland a1sl the northuaestern sector of the West Siberian Lowland, ax-
tending southcast from the northern 1imit of forests to about 60° N
latitude. Another area’ of analogous tomperatures i3 located in nonh-
emn and central Kamchathka Peninsula and in the area around the Culf of
Strlikhova. The third area extends over northern Sakhalin Island and
2 small area east of the Asur River,

when areas cf analogous precipitation sre superimposed, only
the northeastern part of the central Russian Tableland- wWest Siberian
lowland region and the northwestern porti.on of the Yamchatka Peninsu]a

remin analogous,

larger analogous areas occur vhen annual procipltaum is con~
..Mc"f.d with either swwer or winter temperature. Surmer temperatures
and annpual precipitation in the northern portion of the West Siberian
Iowland and the Central Siberian Flatsau are analogous to those of Fort
Greely, and ==aller areas appear betwsen the East Siberian Highlands
and the Koryak Kountains, and in the extrease eastern pa.rt of the Aldan
Plateau., Winter temperature and annual precipitation analogy is found
in the scuthern part of the West Siherian lowvland, cver the western
Central Asiatic Hlcek Yountains, in the lake Baykal region, on the
Chuckekl Peninsula, and in a coastal strip beering the Zering Sea.

¢. Corrosite Aralepons Areas, Fort Churchidl) (Fig, ;52

This map was rrepared to shcw areas of copesite aralogy to
Fort Churchill, for the swme elerents as vere used 1n the preceding
=3p of carzosite Fort Greely analogy.

Corbined winter-suwimer tesperature analogy to Fort Churehill
=x45ts in the northern West Uiberian lowland and in the Arctic Lowlands
to the ncrth. Central Siberia it too cold for anilogy in winter, al-
though 8 swrer Lemperature analogy cccurs in the northern portion. Ad-
ditional. areas of winter-summer tesgersture snalogy are located in-the
lower elevaticns of the east slopes of the East Siherian nw.mm

the Yerdhoyansk Ranges,
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The paincipal areas of summer temperature and armual precipi-
tation analogy ars located in northern European Russia, extending across
the Kola Perinsula .ato the Swedisu Uplands and on Kamchatka Peninsula,
Winter temperatwres ¢nd annual precipitation are analogous in a discon- .
tinuous strin alomy ihe Nizhnyaya Tunguska River through the Central Sie- : -
berian Plateau and ex*end into the Mongolian Plateau in the East,

Corposite wintur-sumer temperature and annuxl prscipitation
analogy 1s confined {0 t.i: rather small areas the West Siberian Low-
land and a third in the xx*reme eastern part of the Aldan Flateau, Thus
the principal area of 4riplu analogy for Fort Churchill lies east of the
Ob, while for Fort Greely tha principal area lies west of the Ob,

6.  Tables of lionthly Clirmay : Averages for Selected Stations

Tatles I through XXIT 1is\ thas monthly values of cliratic elements
for 27 stations in Eurasia, These stations were selected as represent-
ative of cliravic conditions v’ varzus parts of the study area., Sta-
tion names are listed in Table I, with geoyrap’xic coordinates and ele-
vation above regn sea level. Nc itations are included for the Central.
Siterian Plateau, due to scarciiy znd imreliability of available data.
In each table; nmean valuas for Fori Greoly and Fort Churchill are also
shown for corparison. The eizwents inr which tables are prepared are
those used in the rap series, and tuoles ¢f absolute raximm tempera-
ture, relative hunidity, and frequency of fo,, have been added. Reglons
represented bty the stations can be de’u:wine ! from the map of Major
Physical Features (Fig. 2).

These tables supplement the seasonal maps v giving a pictare of
the climatic regime throughout the year,




TATEZY, Iz LOCATION AND FLEVATION OF STATIONS

-

Statica Elevation Latitude 1ongitude
(Feot) ) (*) () (v

Arkhangelsk, UGGR 20 & 281y o 31E
Barnual, UGSR 535 53 20N 83 L7 E
Perezeovo, WOSR 138 63 st 6 o2
Dorno, Norway 16 65 28N 12 12 E
Borzya, UGSR 2213 % 24 % 116 29 ¢
Budapest, Hunpary L26 k1 34 19 O1 E
Dikson 0., USSR 66 73 30X% 80 23 E
FCRT CHURCHIIL, CANATA 1s 58 L7 % oL, 17 v
FORT GREFLY, ALASXA 127k 6 00X WS L W
Gizhiga, TSR 33 62 o2x% 160 LOE
Helsinki, Finland 39 6 10N 2 ST E
Igarka, USSR 115 61 321 66 SOE
Irkutsk, USSR 1532 52 16N 0L 19 E
*atochkin Shar, IGSR 61 73 16N 56 2L E
Yioskva, USSR 528 55 4T H 37 38 E
Mys Chalyuskin, USSR 20 7 2N 1ok 17 =
Nikolaevsk, UCSR 108 $3 08 U0 LS E
Ckhotsk, USSH 20 9 21 ¥ U3 17E
Paris, France 164 L8 L8 ¥ 2 30E
Petropavlovsk, USSR 286 52 53N 156 I3 E
Rostow, TGSR 157 L7 13N ¥ '_E
Cararovo, UBSR 3l 60 S8 1% €2 o 2
Sredne Kolyrak, GOR 98 61 1001 i57 10E
Tixzi, IGSR 23 35N 128 SS T
tralsk, USSR 12l 51 124 51 222
Ver¥hoyansk, WGSR Loo 67 3% 123 2L E
Vilyuak, USSR 39l 63 Lsr 121 35 =
Urangelya 0., USSR 10 7 S8y 181 27 ¢

 Yarszawa, Poland 34 2 12% 21 oA
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) 9. limitations of Amlymes and Dufinitions of Termg
2, Iimitatioms T

'lh; Mes outlined in the discussions of individual el-
ensents have certain limitatioms which affect rellability of the arncl-
- yses, These are listed below. .

(1) Climatic data ars lacking for large parts of the study
area. This is especially true for the Cantral Sibsrian Plateau,

(2) Yany arctic stations have extremely short clizatic rec-
ords, and periods of reccrd are variable over most of the study »rea,
Adjustaert of records to a stacdardized period was not practicabie.

(3) In some cases data wers not glven or observed at times
or in a forn similar to those for Fort Churchill and Fort Greely. -

) (4) Descriptions of most station sites were not available, -

making it impossible to ascertain the extent of the area for which data
of eack station can be considered representative.

b, Definitions
< The climtic elements preseated in the report are defines be-

lou,
Nean Tezperature - In Burope and the UTSSR the arithmetic
pean cof three dally tesgperature observations, usually at 0700, 1300,

2200 hours, for all days of the month concerned; at Fort Churchill
wd Port Crssly 65 andtisslic weun of aaxisua amd minimua temperaiures
r a1l days of ths mnth concerned,

ik

Hean Daily Minirum Tesperature - The arithmetic mean of min-
1am temperatures cm all days of the sonth concerned.

¥ean Datly Paxdmep Terperaturs - For Fort Churchill ard Fort
Greely, the arithmetic mean of maximm tesperatures for all days of the
nonth corcerned; for stations in the stuiy area, when the mean 1300 hour
texperature was repcrted as the mean dally maxisms, an estimited mean
daily zaximm was computed. This was done by subiricting the mean dally
xinimm temperature froe Lwice the mean temperature reported for this
station,

Lbsolute ¥inlmum Tesverature - The lowest lamperature ever
observed at the statiom.

r___ _ O O O O OO
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by

Higheat quoriod Temperature -~ For Port Churchill and Port

.Greely, the absolute maxisum temprrature. For stations in the study

area, .the nighest tempsrature reported. In many cases this is the high-
est temporature observed at 1300 hours.

Mean Wind Spmed - The arithmetic mean of all observations for
the month concerned, in miles per hour,

Mean Cloudiness - Tha arithmetic mean of all observations of
cloud eover in tenths of total sky covered for the month concerned.

Mzan Snow Depth - The arithmetic msan of snow accumulation

“measurements (usually taxen at beginning and end of month or at three

10-day intervals during each month) in inches,

Mean Annual Pracipitation - The arithmetic mean of total pre-
cipitation asounts for all years of record, in inches.

Mean Relative Huxidity - The arithmetic mean of all daily rel-
ative huaidity observations for all days of ths month concerned. Rela-
tive hameldity is the ratio of the quantity of water vapor actually pre-
sent to the zreatect amount poessible at ‘a given teaporature, in percent.

n
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Figure §
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- Figure 8
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Figure 10 _
Delete station circle for Tiksi, USSR,
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Figure 12
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